No Evidence of Long-Term Immunosuppression after

High-Titer Edmonstron-Zagreb Measles Vaccination in Senegal
Colleagues-In measles vaccine trials in Guinea-Bissau [I], Senegal [2] , and Haiti [3] , girls who received high-titer Edmonston-Zagreb (EZ; > lo4-' infectious particles) or Schwarz measles vaccines at 4-6 months of age had a higher mortality than girls receiving standard measles vaccine at 9-10 months of age. An explanation of this surprising observation, which was not due to insufficient protection against measles [2, 4, 51 , is important for the future development of measles vaccines and measles control. We and others [3] thought that high-titer measles vaccine could mimic natural measles, inducing immunosuppression with subsequent susceptibility to other infections. Thus, like others in Guinea-Bissau [6] and Peru [7] , we undertook an immunologic examination ofa subsample of 143 children who had received high-titer EZ or standard-titer Schwarz measles vaccines. Little is known about the best predictors of immunocompetence among children in developing countries, so we used several different tests with the objectives of finding immunologic differences between the vaccine groups and identifying possible defects that could be corrected through specific interventions (e.g., vitamin A supplementation or nutritional rehabilitation).
The study was camed out in Niakhar, Senegal, a rural area with a population of -26,000 [2] . have encountered already. During the first visit, skin tests with tuberculin purified protein derivative (PPD) and candida antigens were also applied; indurations of 3 2 mm at the reading 2 days later were considered positive [7] . The children received the second dose of rabies vaccine 4 weeks after the first visit. At the last visit, 2 months later, a fingerprick blood sample was obtained for the determination of rabies antibodies (Platelia ELISA, Diagnostic Pasteur, Marnes-la-Coquettes, France). At enrollment at 5 months of age, there was no difference in maternal measles antibody levels or nutritional status between the 143 children in the immunologic study and the other 1436 children in the trial. At the time of the immunologic study in 199 I, there were no differences between the EZ and Schwarz groups with respect to weight for age, height for age, or weight for height. Other results from the study are reported in table 1 . Though there were no differences overall, more consultations at a health center or hospital were reported for girls who had received EZ (47%) than for those who had received standard Schwarz vaccine (24% relative risk = 2.0 1 ; 95% confidence interval, 1.00-4.03). As expected [SI, EZ recipients had lower levels of measles hemagglutinin-inhibiting antibodies than recipients of standard Schwarz vaccine. All children had been vaccinated against yellow fever in the past, and there was no difference in antibody levels between groups. Though there was no difference overall, girls in the EZ group had a significantly higher neutralization ( P = .012) or ELISA (P = .030) antibody response to rabies vaccine than girls in the standard vaccine group. There was no significant difference, overall or by sex, between the EZ and Schwarz groups with respect to lymphocyte counts or T cell subsets (FACScan; Be'cton Dickinson, Mountain View, CA). None of the children had a total CD4 cell count 4 0 0 X 106/L or a CD4:CDS cell ratio of 4 . 5 . There was no significant difference with respect to levels of neopterin (RIA; Henning, Berlin), serum albumin (standard colorimetric method), C-reactive protein (immunoturbidometric method; Hoffman La Roche, Basel, Switzerland), or retinol (high-performance liquid chromatography; Waters Associates, Milford, MA), delayed hypersensitivity to candida or PPD, or prevalence or density ofmalaria parasitemia. During the 2 years subsequent to the immunologic study, 2 children died, 1 in the EZ and 1 in the Schwarz group.
The subsample included in the immunologic study appears to be representative of the children enrolled in the trial. We examined antibody and cellular immune responses and found no meaningful differences. Apart from the expected difference in measles antibody levels [SI, the only significant difference was a higher antibody response to the rabies vaccine among EZ girls. There was no sign that either boys or girls in the EZ group had worse nutritional status. vitamin A deficiency. antibody response, or cellular immunity than those in the standard vaccine group. Thus. we have little evidence for long-term immunosuppression. On the basis of data from Niakhar. it has been suggested that a persistently high mortality rate was associated with high-titer measles vaccine [5] . However, given the data from this and a similar study in Guinea-Bissau [6] , it is unlikely that there is an important immunosuppression persisting beyond 3 years of age among recipients of high-titer vaccines. Our study provided no clues for specific interventions that could correct a defined defect for girls in the EZ group. It is possible that those most affected had already died and that we were therefore not able to detect any important immunologic differences between the groups. However, the idea of a clinically important immunosuppression associated with hightiter vaccine [3, 71 finds little support in the fact that EZ vaccine is not associated with excess mortality in areas with low mortality rates [7- . In Guinea-Bissau [6] , recipients of high-titer vaccine had no difference in CD4 cell percentages or total CD4 cell counts but tended to have lower CD4:CD8 cell ratios than recipients of standard vaccine. These differences. though small in magnitude and within the range of normal values, were most consistently observed in girls [6, 71. In Senegal, we did not observe a reduction in CD4 cell percentage. in total CD4 lymphocyte count, or in CD4:CD8 cell ratio. It is unclear whether these observations are meaningfully related to the sex-specific differential mortality observed in several studies [ 1-31. Hence. we may need to look for other mechanisms to explain the differential mortality for girls receiving different measles vaccines.
Studies have suggested that Schwarz standard vaccine has a beneficial impact on survival that cannot be explained by control of acute and long-term consequences of measles infection. and this effect may be particularly strong for girls [IO] . In this perspective. the reduced survival associated with high-titer EZ measles vaccine may be due not to a damaging effect of the vaccine but more to high-titer vaccine not having the same beneficial impact as standard Schwarz measles vaccine.
